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Summaiy: Scar formation is a mEijor medical problem that Ccin have devastating 
consequences for patients. The adverse physiological and psychological effects of 
scars are broad, and there are currently no reliable treatments to prevent scarring. 
In contrast to adult wounds, early gestation fetal skin wounds repair rapidly and in 
the absence of scar formation. Despite extensive investigation, the exact mecha- 
nisms of scarless fetal wound healing remain largely unknown. For some time, it has 
been known that significant differences exist among the extracellular matrix, 
inflammatory response, cellular mediators, and gene expression profiles of fetal 
and postnatal wounds. These differences may have important implications in 
scarless wound repair. {Plast. Reconstr. Surg. 126: 1172, 2010.) 



cutaneous scar is a macroscopic fibrous dis- 
turbance in the normal tissue architecture. 
Scarring occurs in the setting of both sur- 
gical and traumatic wounds, and is the normal 
outcome of the wound-healing process. The skin 
is the most frequently injured tissue, and dermal 
scarring can result in loss of function, movement 
restriction, and disfigurement. 

Wound healing is a complex and tightly reg- 
ulalcd process. Scarring involves regulated colla- 
gen deposition in response to tissue injury. The 
mechanism of scar formation involves inflamma- 
tion, fibroplasia, formation of granulation tissue, 
and scar maturation. In response to tissue injury, 
inflammatory cells are recruited to sites of 
wounded tissue. The acute inflammatory response 
is followed by the proliferation of fibroblasts, 
which are cells responsible for synthesizing various 
tissue components, including collagen and fibrin. 
During the acute inflammatory phase, circulating 
progenitor cells migrate to injured tissue. Rapid 
cellular proliferation occurs, which ultimately re- 
sults in the formation of new blood vessels and 
epithelium. Fibroblasts then differentiate into 
myofibroblasts, which are the cells responsible for 
collagen deposition and wound contraction. Scar 
formation ultimately results from excess accumu- 
lation of an unorganized extracellular matrix. Al- 
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though scar remodeling occurs for months to 
years after the initial injuiy, c()in])]ete resloralion 
of the normal extracellular matrix arc liilec lure is 
never achiev(;d.' Malurc; scars r(;sl()r(; only 70 per- 
cent of the KMisilc slixMiglli of nonnal skin, and 
prescar function is never compk;lcly rcc ovcrcd.^ 
Thus, wound healing is a fibroprolilcralivc re- 
sponse that results in an incompl(;lc rcgciu l alion 
of the original tissue and excessive produi lion of 
an unorganized collagen meshwork (scar tissue). 

In contrast to adult wound healing, the early 
gestation fetus has the remarkable abilit)' to heal 
skin wounds without scar. This obseivation was 
first reported more than three decades ago" and 
has subsequently been confirmed in both animal 
models and human fetuses.^ Since that time, an 
intensive research effort has focused on unravel- 
ing the mechanisms underlying scarless fetal 
wound repair (Table 1). 



Fetal Skin 

The structure and histology of fetal skin 
changes dramatically with development. In the 
human embiyo, a primitive epidermis first ap- 
pears at gestational day 20. During weeks 4 to 8 of 
gestation, the primitive epidermis develops into a 
two-layered periderm and basal cell layer. The fe- 
tal epidermis begins to stratify at week 9, and ke- 



Disclosure: 'I'lhe atiJJi.ors liaxje no conmmcial asso- 
(lalit)iis 01 //iiaiuiat diulo.sures that might pose or 
cimic a (Oil I lid of in lei est with information pre- 
smled in, this article. 
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Table 1. Adult versus Fetal Wound Healing 



Adult Wound Healing 



Fetal Woimd Healing 



Collagen c 



Inflammatory 

cells 
Interleukins 



TGF-j3 

Gene expression 
Progenitor cells 



Predominance of type I coUagen provides strength 
and rigidity, but impedes cellular migration cind 
regeneration 

Low levels of hyaluronic acid inhibit cellular 



nhibitor r; 



ulati 



tissue-derived 
ilagen 



Diminished up-regulation of adhesion proteins 
results in slower fibroblast migration 

Release platelet-derived growth factor, TGF-/31, 
and TGF-j32 



High levels of TGF-j31 and TGF-/32 

Delayed up-regulation of genes involved in 

growth and proliferation 
Skin progenitor cells found at inadequate 

numbers to mediate scarless repair 



Predominance of type III collagen is optimal 
for cellular migration and proliferation 

lie acid facilitates 

High matrix metalloproteinase to tissue-derived 
inhibitor ratio favors extracellular matrix 
modulators turnover and remodeling 

Rapid up-regulation stimulates cell attachment 
and migration 

Decreased degranulation and aggregation 

Few 

Increased expression of the anti-inflammatory 
cytokine interleukin-10, which decreases 
production of interleukin-6 and interleukin-8 

Low levels of TGF-jSl and TGF-/32; increased 
TGF-j33 

Rapid up-regulation of genes involved in cell 

growth and proliferation 
S^n progenitor cells migrate to sites of injury 

and mediate scarless repair 



TGF, transforming growth fector. 



ratinization begins atweek 14. By week 16, the fetal 
epidermis has many of the components of the 
adult epidermis: a basal cell layer, an intermediate 
layer, hair follicles, sweat glands, and follicular 
keratinization. After 24 weeks of gestation, fetal 
skin development is characterized by rapid growth 
and maturation, and at birth the neonatal skin is 
histologically indistinguishable from adult skin 
(Fig. l).s-7 

Fetal Cutaneous Wound Healing 

Scarless wound healing has been observed in 
the fetuses of mice, rats, pigs, monkeys, and 
humans.® In fetal mammals, the ability to repair 



wounds scarlessly is age-dependent.^-" In other 
words, fetal skin heals scarlessly before a certain 
gestational age, after which point typical scar for- 
mation occurs. In humans, scarring of wounds 
begins at approximately 24 weeks of gestation, 
whereas in mice scarring of wounds begins on 
embryonic day 18.5 (average gestation period for 
mice is 20 days).""^^ This transition point, how- 
ever, is modulated by wound size. For example, as 
wound size increases in fetal lambs, the ability to 
heal scarlessly is lost earlier during gestation.^ 

In response to tissue injuiy, the fetal dermis 
has the ability to regenerate a nondisrupted col- 
lagen matrix that is identical to that of the original 



14 wk 20 vAi adult skin 




Fig. 1. Histology of human fetal skin at 14 and 20 weeks of gestation and adult skin, (/.eft) At 14 weeks, the epidermis consists of a 
basal layer, an intermediate cell layer, and a periderm. (Center) At 20 weeks, the number of intermediate cell layers has increased, 
and developing hair follicles are visible, (fi/ghf) Adult skin has a less cellulardermis and a multilayered epidermis with basal, spinous, 
granular, and cornified layers. Scale bars = 100 /Am. Reproduced with permission from Springer from Coolen NA, Schouten KC, 
Middelkoop E, etal. Comparison between human fetal and adult skin. /Arc/i Dermatol Res. 2010;302:47-55. 
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tissue.^^"^^ In addition, dermal structures, such as 
sebaceous glands and hair folHcles, form normally 
after fetal injury (Fig. 2).^' Although the exact 
mechanisms of scarless fetal wound healing are 
still unknown, they are thought to be due to dif- 
ferences between the extracellular matrix, inflam- 
matory response, cellular mediators, differential 
gene expression, and stem cell function in fetal 
and postnatal wounds. ^^"^^ 



Scarless Rep^r Is Intrinsic to Fetal Skin 

The capacity for scarless repair was initially 
attributed to the sterile intrauterine environment. 
Amniotic fluid is rich in hyaluronic acid and 
growth factors but devoid of bacteria and inflam- 
matory stimulators; thus, it was thought to be an 
environment conducive to scarless wound repair. 



Early studies, however, demonstrated that the in- 
trauterine environment is neither necessary nor 
sufficient for scarless repair (Table 2). For exam- 
ple, fetal marsupials develop outside the uterus in 
a maternal pouch and yet heal cutaneous wounds 
scarlessly.2^ Experiments have also shown that 
adult sheep skin transplanted onto the backs of 
fetal sheep, bathed in the amniotic fluid of the 
intrauterine environment, heal incisional wounds 
with scar while adjacent wounds in fetal skin heal 
scarlessly.^® In addition, human fetal skin heals 
without scar when it is transplanted into the sub- 
cutaneous tissue of adult athymic mice.^^ 



The extracellular matrix plays an important role 
in cell adhesion, differentiation, and proliferation. 
This matrix is a dynamic layer of collagen, glycos- 




Fig.2. Scarless healing of El 6 fetal mouse wounds (hematoxylin and eosin stam). Black arrows indicate the India ink tattoo 
made at the timeof wounding to demonstrate scarless wound location. Healed wounds (obove,/eftandbe/ow, /eft) at 72 hours 
(100X). The epidermal appendage (developing hair follicles) pattern shows numerous appendages directly in the healed 
wound. Magnified views of the same wounds {above, right and below, right) showing epidermal appendages {open arrows) 
within the wound site (200X). No Inflammatory Infiltrate Is present. Reproduced from Beanes SR, Hu FY, Soo C, et al. Confocal 
microscopic analysis of scarless repair In the fetal rat: Defining the transition. Plast Reconstr Surg. 2002;1 09:1 60-1 70. 
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Table 2. Factors Influencing Fetal Wound Healing 



Tissue specificity Skin heals scarlessly; gasnir, intestinal, 
and diaphragmatic tissue heals with 

Wound size Larger wounds are more likel\ to Ileal 

with scar; in fetal lambs, over 50% of 
wounds >4 mm in diameter heal 
with scar 

Species Wounds heal scarlessly in fetal mice, 

specificity rats, pigs, monkeys, and humans; 

excisional wounds in fetal sheep 
contract and heal; excisional wounds 
in fetal rabbits do not heal but 
continue to enlarge as the fetus 

Gestational age Ability to heal wounds scarlessly is age 
dependent; the probability of scar 
formation increases with increasing 
gestational age 



aminoglycans, proteoglycans, and adhesion proteins 
that undergoes a series of changes before reaching 
its adultpheii()ly|)cJ''* The feral exrracellular ma- 
trix is optinii/.cd lo lacililalc ( (■lliilai- migration and 
proliferation, vvliicli may have important implica- 
tions in wound healing. Thus, the fetal extracellular 
matrix may pro\ide an environment that is condu- 
cive toward scarless wound repair. 

Collagen Content 

There are phenotypic differences between the 
collagen content and cross-linking patterns in fe- 
tal and postnatal wounds. In fetal wounds, type III 
collagen is rapidly deposited in a fine reticular 
network that is indistinguishable from uninjured 
skin (Fig. 3).^^ Postnatally, the ratio of type I to 
type III collagen in wounds increases.^" The pre- 
dominance of type I collagen in postnatal wounds 
provides regenerating tissue with more strength 
and rigidity, but may impede cellular migration 
and regeneration. Early scar formation in late ges- 
tation fetal wounds demonstrates larger collagen 
fibers with greater interfiber space (Fig. 4).^^ 

Hyaluronic Acid 

Hyaluronic acid is a glycosaminoglycan that is 
one of the chief components of the extracellular 
matrix. The net negative charge of hyaluronic acid 
traps and impedes water molecules, which alhnvs 
resistance to deformation and facilitates cellular 
movement.^^ In general, fetal skin contains 
more hyaluronic acid than adult skin, and fetal 
fibroblasts express more hyaluronic acid 
receptors.^^'^^ In scarless fetal wounds, the hyal- 
uronic acid content of the extracellular matrix 



is increased more rapidly than in adult wounds. 
Fetal wounds also have fewer proinflammatory 
cytokines, such as interleukin-1 and tumor ne- 
crosis factor-alpha, that act to down-regulate hy- 
aluronic acid expression.^^ Because fetal skin 
contains more hyaluronic acid than adult skin, 
several investigators have proposed a role of 
hyaluronic acid in scarless healing.^^-^^ 



Proteoglycan Extracellular Matrix Modulators 

Proteoglycan extracellular matrix modulators 
regulate collagen synthesis, organization, and deg- 
radation. Levels of decorin, a modulator of collagen 
fibrillogenesis, are up-regulated in adult wounds. 
Conversely, levels of fibromodulin, another modu- 
lator of collagen fibrillogenesis, are lower in adult 
wounds.^ ^ Fibromodulin inactivates transforming 
growth factor (TGF)-beta, a key cytokine involved in 
wound healing, and has been shown to have an 
antiscarring effect during wound repair.^^ Lysyl ox- 
idase expression is increased in adult wounds, and 
this modulator has been implicated in the patho- 
genesis of some fibrotic diseases. 

Matrix metalloproteinases and tissue-derived 
inhibitors are involved in extracellular matrix 
turnover. Scarless fetal wounds have a higher ratio 
of metalloproteinase to tissue-derived inhibitor 
expression, which favors remodeling over accu- 
mulation of coUagen.^^ 

Adhesion Proteins 

Scarless fetal wounds have an enhanced ability 
to up-regulate extracellular matrix adhesion pro- 
teins, such as tenascin and fibronectin.^*-^" These 
adhesion proteins mediate cellular attachment to 
the extracellular matrix and attract fibroblasts, 
keritinocytes, and endothelial cells to sites of 
injuiy.^^ During development, tenascin facilitates 
cell movement and fibronectin facilitates cell an- 
choring. Early gestation fetal rabbit wounds ex- 
press fibronectin 4 hours after wounding, whereas 
fibronectin expression is not seen until 12 hours 
after wounding in the adult."'^ Similarly, tenascin 
appeared at 1 hour in the wounded fetus, 12 hours 
in the wounded neonate, and at 24 hours after 
^vounding in the adult mouse. ""^ The rapid depo- 
sition of tenascin in fetal wounds may stimulate 
early cell migration, whereas the large amounts of 
fibronectin may stimulate cell attachment and 
^vound repair. These factors, taken together, may 
promote rapid deposition of an organized matrix 
that has less scarring. 
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Fig. 3. Scarless healing of El 6 fetal rat wounds (confocal mi- 
croscopy). Collagen fibers are stained with sirius red and ap- 
pear white. [Above] Healed wound harvested at 72 hours 
(200X).The epidermis is thickened at the wound site (arrow). 
The collagen fiber is reticular and unchanged from the surround- 
ing dermis. [Center] Healed wound harvested at 72 hours under 
a higher magnification (1000 X). The collagen fibers are thin and 
closelyapproximating each other with little interfiber space. The 
fibers are arranged in a wispy reticular pattern. [Below] Non- 
wounded El 9 skin at the same magnification as B (lOOOX).The 
dermal collagen fiber pattern is identical to the center image. 



Inflammatory Cells 

Fetal wounds heal rapidly with a paucity of 
inflammation. This observation has stimulated in- 
terest in the role of cellular inflammatory medi- 
ators, cytokines, and growth factors in fetal wound 
healing. In the postnatal animal, disruption of 
tissue integrity stimulates platelet activation, cyto- 
kine production, and chemotaxis of macrophages 
and neutrophils.^"' Scarless wounds, however, are 
characterized by a relative lack of inflammation."'^ 
Furthermore, introduction of inflammation into 
normally scarless wounds produces dose-depen- 
dent increases in wound macrophages, neutro- 
phils, collagen deposition, and scarring.^^ Con- 
versely, reduction of inflammation in postnatal 
wounds also reduces scarring.*^ This suggests an 
important role of inflammation in scar formation. 

Platelets 

The absence of an acute inflammatory infil- 
trate in scarless wounds may be partly explained by 
decreased fetal platelet degranulation and aggre- 
gation. Although there is no difference in size, 
organization, or granule content by transition 
electron microscopy in fetal compared with adult 
platelets, fetal platelets produce less platelet- 
derived growth factor, TGF-/31, and TGF-/32 than 
their adult counterparts.^^ The proinflammatory 
signals thai arc; released from (he plalclel plug are 
lesponsible lor mediaiing ilic carK phase ol ihe 
^Noiuul licaling process. Mihongli exposure ol' I'e- 
lal platelets K) collagen in xilro does siimuhue 
growth factor release, (he capacilv lor lelal plalelel 
aggregation is agcHlependcMil.'" Karly gestation fe- 
tal platek;ts do not aggr(;gat,e, whereas latx; gesta- 
tion fetal plat(;k;ts aggrc^gatx; just as eflectively as 
adult plat(;l(;ts. flu; transition |)()int for this i)lat(;- 
k;t r(;spons(; corresponds to \\\v. transition i)()int 
iiom scark;ss to scarring rej)air. I hus, the reduced 
function of early gestation fetal platelets may be 
one mechanism of scarless repair. 

Neutrophils 

Neutrophils neutralize and engulf bacteria. Cy- 
tokines TGF-/31 and platelet-derived growth factor 
recruit neutrophils to the site of injury. In turn, 
neutrophils release self-stimulating cytokines and 
chemoattractants for fibroblasts and macrophages.^ 



Reproduced from Beanes SR, Hu FY, Soo C, et al. Confocal micro- 
scopicanalysisofscarless repair in thefetal rat: Defining the tran- 
sition. Plast Reconstr Surg. 2002;1 09:1 60 -1 70. 
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Fig. 4. Early scar formation after the transition point in El 8 fetal 
rat wounds (confocal microscopy). Collagen fibers are stained 
with sinus red and appear white. (Above) Healed wound at 72 
hours (200X).The wound dermal collagen pattern (open trian- 
gles) is different from the surrounding nonwounded dermis 
(green arrow).lhe fibers are less densely compacted. No epider- 
mal appendages are present. Neovascularization is shown with 
the white arrows. (Center) Healed wound at 72 hours at a higher 
magnification (lOOOX).The collagen fibers are thicker but with 
greater interfiber spaces compared with nonwounded dermis. 
(Below) Nonwounded skin at E21 days gestational age (1000 X). 



lH;w(;r runilrophils arc- pi c-scni in ilu; letal wound, 
and an age -de pc luk ni dc Ic ( i in ilu ability of fetal 
nculrophils (o pliagocMosc pailiogc nu bacteria has 
been demonstrated in letal sheep.'- 



Fibroblasts 

Svnilu-sis and icinodeliiig ol the extracellular 
maiiix b\ libioblasis is (sscniial loi wound heal- 
ing. Aduli and letal libroblasis rc-side locally in the 
injured i issue or arc' rc'cruiK'd to l lu' site of injury 
bv solubk- cheiiioaiiracianis released by macro- 
phage s and luuiioplnls icial wounds charac- 
KiisiKalK lia\( k ss innaiiniiaioi\ ((lis and cyto- 
kiiu (xpussion \(ili(al iiiou i apidh than adult 
wounds 11ns ma\ b( pai iK ( xplaiiu d by intrinsic 
dill(i(n((s b(iw((n adull and l( lal libroblasts. 

lu-ial and adull libroblasis displav differences in 
svnili(-iic lunciion ol collagen, livaluronic acid, and 
olli(-r (-xiracellular mairix compoiu-nis. In vitro, fe- 
(al libioblasis s\ 111 lu si/( iiiou i\p( 1 1 1 and FV coUa- 
geiis ilian ilu-ir adull couiiu-rparis. correlating with 
an iiK i( as( in pioKl li\di()las( a( iiMi\ the rate-lim- 
King su p 111 ( ()llag( 11 sMiilu SIS ' ( ollagen synthe- 
sis IS delaved in ilie adull wound whik; fibroblasts 
piolikiau In (onliasi l( lal libioblasts simulta- 
neousK piolih ial( and smiiIk si/( ( ollagcni.''^ 

1 c tal libioblasis lia\( mou sui bu c receplors 
loi livaluionu acid wliu li also s( i\( s lo enhance 
lil)i ()l)last migration. ' In addition. I OK-/:^, which 
iiiliibits migration ol coiillueni libroblasts in vitro, 
is (Icci (:as(;d in the; l(;tal wound. 

l)iiler(;iic(;s in contraciilc libroblasis, lermed 
' iiivolibroblasts. have; also been rcporled. Myofi- 
broblasts. d(;t(;ct(;d bv the presence of alpha- 
smooth imisck; actin appear in ilie adult wound 1 
w(;(;k alt(;i wounding, llu; content of myofibro- 
blasts IS gi (;at(;st during the; second and third week 
and then decreases wiili nine.''' whereas wounds 
made eaih in gesiaiioii have virtuallv no myofi- 
l)i()l)lasis. Ill coiuiasi. scarring leial and postnatal 
wounds ha\c pi ogi c ssi\ c K mou a( li\ e myofibro- 
blasts wliii li ( Ol ic lau s Willi ( oiilwu lion and de- 
gi (;e ol scarring. Overall, the letal fibroblast has 
an intrinsic ability to synthesi/e a dermal extra- 
c{;llulai matrix that is superior to the adult fibro- 
blast 111 terms ol its ability to generate an organized 
dermis at sites of injury. 



When compared with wound collagen fibers (center), non- 
wounded dermal collagen fibers are thinner with less interfiber 
space. Reproduced from Beanes SR, Hu FY, Soo C, etal. Confocal 
microscopicanalysisofscarless repair in thefetal rat: Defining the 
transition. Plast Reconstr Surg. 2002;1 09:1 60-1 70. 
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Cytokines 
TGF-jS 

Since shortly after its discover)' more than 20 
years ago, TGF-/3 was shown to be in\ oh ed in 
wound healing. The TGF-/3 isoforms are involved 
in all steps of the wound repair process and have 
divergent effects on scar formation and wound 
heahng. The expression of TGF-/31 and TGF-j32 is 
increased in adult wounds, whereas it is un- 
changed in fetal wounds.^"' Scarless wounds in fetal 
mice have less TGF-/31 than neonatal or adult 
wounds.^^ Insertion of polyvinyl alcohol sponges 
containing TGF-/31 into fetal wounds leads to scar 
formation.^^ Similarly, treatment of adult rat 
wounds with neutralizing antibodies to TGF-/31 
and TGF-/32 reduces scar formation/'^'^'^ 

Furthermore, the relative proportion of 
TGF-/3 isoforms, and not the al^solute amount of 
any one isoform, may deleiniine the wound phe- 
notype. In scailess fetal wounds, TGF-jSS expres- 
sion is increased while TGF-/31 expression is un- 
changed. Conversely, TGF-/31 expression is 
increased and TGF-/33 expression is decreased 
in scarring fetal wounds.^^ Treatment of adult 
wounds with exogenous TGF-j83 reduces scar 
formation.^* This suggests the ratio of TGF-/33 to 
TGF-/31 may determine whether tissue regener- 
ates with or without scar formation. 

Interleukins 

Interleukins are cytokines important in che- 
motaxis and activation of inflammatory cell me- 
diators. Interleukin-6 stimulates monocyte che- 
motaxis and macrophage activation, whereas 
interleukin-8 attracts neutrophils and stimulates 
neovascularization.^^ Wounding stimulates a 
rapid increase in interleukin-6 and interleu- 
kin-8, which persists at 72 hours in the adult but 
disappears by 12 hours in the fetus.^^ *^" Both in- 
terleukin-6 and interleukin-8 expression are sig- 
nificantly lower in early fetal fibroblasts compared 
with adult fibroblasts. The addition of interleu- 
kin-6 to fetal wounds produces scar in normally 
scarless wounds. Interleukin-10 has an anti-inflam- 
matory function through decreased production of 
interleukin-6 and interleukin-8. Wounds in fetal 
skin grafts harvested from early gestation inter- 
leukin-10 knock-out mice and grafted onto syn- 
geneic adult mice heal with significant inflamma- 
tion and scar.^^ In an initial study, adult mouse 
wounds were treated with an interleukin-10 over- 
expression adenoviral vector. Inflammation was 
reduced, and scarless healing occurred.^^ This 
strategy will potentially have potential therapeutic 
implications for human adult wounds. 



Genomic microarray analysis has shown that 
scarless fetal wounds and scarring postnatal 
wounds have different gene expression profiles.*^^ 
In scarless fetal wound healing, there is rapid up- 
regulation of groups of genes involved in cell 
growth and proliferation, which likely contributes 
to rapid wound closure in the fetus. These genes 
are important for DNA transcription, DNA repair, 
cell cycle regulation, protein homeostasis, and in- 
tracellular signaling. At early time points, the pro- 
portion of genes with increased expression is sig- 
nificantly higher in fetal wounds. By 24 hours, 
however, the postnatal wound transcriptome has 
more genes with increased expression compared 
with fetal wounds.''^ The rapidly changing gene 
expression profile in fetal wounds likely reflects 
the more rapid healing rate in the fetus. 

H. Peter Lorenz, M.D. 
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Basal cell layer: The deepest layer of the epi- 
(ka niis. Ihc. basal ccW \a\cv is a coiitiimoiis 
\dycv ol (x^lls llial is considtMcd to be com- 
])()S(?(1 ol (q)i(l(?niial sKnii cells. 

Exiracelliilar vialrix: Ihc (?xlracellular protein 
and ])i()1(M)gly(:aii scallold thai ])r()vid(^s 
sliiicluial su])p()rt lo celK and se(|iiesters 
ina(:liv(? growth laciors. 

Green /liioresceni proleiv: A lliiorc^scxMit tnark(M- 
lixujiKMilly us(xl in niok^ciilar biology. 

Glycosfiiiiinoglyains: Long iinbrancluxl poly- 
sacxbari(l(?s thai ix^pr(^s(Mit an itnportai'il 
c ()nii)()n(?nl of (X)iHiecliv(^ lissii(\ 

Hyaluronic acid: yVnionic gly(X)satnin()gly(:an 
uidel) dislributed itiroughout (X)iniecli\e 
and epithelial tissue, and represents one 
of the chief components of the extracel- 
lular matrix. 

Interleukins: A group of proinflammatory 
and anti-inflammatory cytokines that rep- 
resent an important part of the inflamma- 
toiy response. 

Myofibroblasts: Fibroblasts that have features 
characteristically associated with smooth 
muscle cells. 
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Proteoglycans: Proteins that contain carbohy- 
drate molecules. These proteins are an im- 
portant component of the cell membrane 
and extracellular matrix. 

TGF-15: A growth factor that controls prolifer- 
ation, cellular differentiation and other 
functions in cells. 

TGF-a: A cytokine involved in systemic in- 
flammation and is involved in the acute 
phase response. 

Transcriptome: The set of all messenger RNA 
molecules produced in one population 
of cells. 
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